Objective: To evaluate the relation between changes in ejection fraction during the first three months after acute myocardial infarction and myocardial viability. Patients: Myocardial viability was assessed using low dose dobutamine echocardiography in 107 patients at mean (SD) 3 (1) days after acute myocardial infarction. Cross sectional echocardiography was repeated three months later. Left ventricular volumes and ejection fraction were determined from apical views using the Simpson biplane formula. Results: In patients with viability, ejection fraction increased by 4.4 (4.3)%; in patients without viability it remained unchanged (0.04 (3.6)%; p < 0.001). A > 5% increase in ejection fraction was present in 21 of 107 patients (20%). Receiver operating characteristic analysis showed that myocardial viability in > 2 segments predicted this increase in ejection fraction with a sensitivity of 81% and a specificity of 65%. Multivariate logistic regression analysis was used to define which clinical and echocardiographic variables were related to > 5% improvement in ejection fraction. Myocardial viability, non-Q wave infarction, and anterior infarction all emerged as independent predictors, myocardial viability being the best (χ 2 = 14.5; p = 0.0001). Using the regression equation, the probability of > 5% improvement in ejection fraction for patients with a non-Q wave anterior infarct with viability was 73%, and for patients with a Q wave inferior infarct without viability, only 2%. Conclusions: Myocardial viability after acute myocardial infarction is the single best predictor of improvement in ejection fraction. In combination with infarct location and Q wave presence, the probability of > 5% improvement can be estimated in individual patients at the bedside.
T he left ventricular ejection fraction is one of the most powerful predictors of mortality after acute myocardial infarction. [1] [2] [3] Changes in the ejection fraction occurring after the acute phase have been assessed in several studies. [4] [5] [6] [7] [8] [9] These showed that, although there was often no overall change, there was a great deal of interpatient variationindeed, in several reports a significant improvement in the ejection fraction was found, especially in patients with sustained successful reperfusion and in those with the lowest ejection fraction at baseline. [9] [10] [11] [12] [13] [14] Improvements in the ejection fraction may have a beneficial effect on survival, and this is likely to be greatest in patients with severe left ventricular dysfunction. 2 7 It has been found that the final value achieved and the degree of improvement are more important predictors of mortality than the value of the ejection fraction at the time of the acute event. 15 16 Thus it is important to determine which variables identify patients who will show an improvement in the ejection fraction. The presence of myocardial viability is likely to be one of those variables. However, previous studies using low dose dobutamine echocardiogaphy in patients with acute myocardial infarction have concentrated exclusively on predicting reversible dysfunction on a regional basis. [17] [18] [19] [20] [21] [22] Our aim in this study was therefore to determine the clinical and echocardiographic predictors of improvement in left ventricular ejection fraction using low dose dobutamine echocardiography in an unselected group of patients with acute myocardial infarction.
METHODS Patients
The study population consisted of 107 patients with acute myocardial infarction who had been enrolled in a prospective postinfarction low dose dobutamine echocardiographic study. Patients treated with and without thrombolysis or primary coronary angioplasty, with first or recurrent infarction, and those with Q wave or non-Q wave infarction were eligible.
The following categories of patients were not eligible or were excluded from the analyses: no baseline wall motion abnormalities (11) ; technically difficult echocardiographic studies (13) ; postinfarction angina (6); reinfarction (5); infarction complicated by severe haemodynamic instability (3); sustained ventricular tachycardia or ventricular fibrillation occurring > 24 hours after admission (6); additional revascularisation procedures before inclusion (1); mitral valve replacement before the second echocardiogram (1); technically inadequate echocardiogram for quantitative analysis (14) ; and absence of echocardiographic follow up (16) .
All patients gave informed consent for their participation in this prospective study, which was approved by the science and ethics committee of our institutions.
Echocardiography
Patients underwent low dose dobutamine echocardiography at a mean (SD) of 3 (1) days (range 2-5 days) after the onset of myocardial infarction. β Blockers were withdrawn 24 hours before the test. After baseline cross sectional echocardiography, dobutamine was given intravenously at doses of 5 and 10 µg/kg/min, for five minutes at each dose. Standard parasternal and apical views were recorded at baseline and at the end of the dobutamine infusion on VHS videotape for subsequent off-line analysis. The echocardiographic images were digitised and displayed side by side in quadscreen format to facilitate the comparison of images. Follow up cross sectional echocardiography was repeated 3 (1) months later.
Data analysis
Echocardiograms were reviewed by two experienced observers (FN, PMJV). A third observer (OK) was consulted in cases of disagreement. Wall motion was evaluated using a 13 segment model of the left ventricle and a four point scoring system: 1, normokinesia; 2, hypokinesia; 3, akinesia; 4, dyskinesia. 23 Attention was paid to both endocardial motion and systolic wall thickening. The assessment was based on the digitised images displayed in quadscreen format and on a review of the images recorded on videotape. Myocardial viability was defined as an improvement in thickening during dobutamine infusion in two or more contiguous infarct zone segments. Improved thickening was defined as a change from akinesia or dyskinesia to hypokinesia or normal wall thickening, and from hypokinesia to normal wall thickening. A change from dyskinesia to akinesia was not considered to be improved wall thickening. The wall motion score index was calculated by summing the scores for each segment and dividing by the number of segments analysed.
Left ventricular end diastolic and end systolic volumes were determined from apical two and four chamber views using the Simpson biplane formula according to the recommendations of the American Society of Echocardiograpy. 24 The ejection fraction was calculated as [end diastolic minus end systolic volume]/end diastolic volume × 100%. Intraobserver and interobserver variabilities in the echocardiographic assessment of the ejection fraction in our laboratory were 3.4% and 4.1%, respectively. Patients were considered to have improvement in global left ventricular function if the ejection fraction increased by > 5% from baseline to follow up.
Statistical analysis
Continuous data are presented as mean (SD). Group differences in continuous data were assessed using the unpaired Student's t test. Differences between proportions were assessed by χ 2 analysis; a Fisher exact test was used when appropriate. Changes in left ventricular function over time were analysed by paired Student's t test. Variables that were significantly different by unpaired t testing or by χ 2 testing between patients with and without improvement in the ejection fraction were submitted to univariate regression analysis.
Clinical variables selected for analysis were age, sex, previous myocardial infarction, infarct location, enzymatic infarct size, thrombolytic treatment, primary coronary angioplasty, reperfusion treatment, diabetes, a history of hypertension, and drug treatment prescribed at hospital discharge.
Echocardiographic variables tested were wall motion score index at rest, left ventricular end diastolic and end systolic volume index, ejection fraction, and the presence of myocardial viability.
Variables that showed a significant correlation with improvement in the ejection fraction were included in the multivariate stepwise logistic regression model to determine the independent correlates. A probability value of p < 0.05 was considered significant. The regression equation was used to obtain the estimated probability of improvement in ejection fraction for any combination of the three independent variables. To select the optimum number of viable segments for predicting improvement in ejection fraction, receiver operating characteristic (ROC) curves were used.
RESULTS

Patients
In the study group as a whole, the left ventricular ejection fraction did not change significantly (from 49 (8)% at baseline to 51 (9)% at follow up); there was, however, considerable interpatient variability, ranging from an increase of 16.4% to a decrease of 7.7%. On the basis of the presence or absence of improvement in left ventricular ejection fraction, the patients were divided into two groups: 21 showed a > 5% increase and were assigned to the improvement group, while 86 showed no improvement. Table 1 summarises baseline characteristics of the two groups. There were no significant differences in age, sex, frequency of coronary risk factors, mode of treatment, or enzymatic infarct size. Ejection fraction at baseline, left ventricular volume indices, and wall motion score indices did not differ between the two groups. Patients in the improvement group more often had anterior myocardial infarction (76% v 42%, p = 0.005) and were less likely to have Q wave infarction (43% v 78%, p = 0.002) than patients without improvement. Myocardial viability was more likely to be present in patients with improvement (81% v 35%, p < 0.0001).
At follow up, the wall motion score index and the end systolic volume index were lower in patients with improvement (1.35 (0.25) v 1.51 (0.31), p < 0.05; and 28 (7) v 35 Values are mean (SD) or n (%). ACE, angiotensin converting enzyme; PTCA, percutaneous transluminal coronary angioplasty.
(16) ml/m 2 , p < 0.05, respectively). Although the left ventricular end diastolic volume index did not differ between the groups, left ventricular dilatation-defined as an increase of more than 10% in the end diastolic volume index at follow up-was found less often in patients with improvement (0% v 27%, p = 0.007).
Before the three month follow up examination, revascularisation procedures were performed in five of the 21 patients with improvement (24%) compared with 18 of the 86 patients without improvement (21%) (NS). During this period, 19 patients suffered from recurrent infarction or unstable angina; six of these were in the improvement group and 13 in the no improvement group (NS). During the mean follow up period of 20 (7) months, three patients died of cardiac causes. All of these were in the no improvement group (NS).
Predictors of improvement in ejection fraction
At univariate analysis, anterior infarct location, non-Q wave myocardial infarction, and the presence of myocardial viability were all found to be predictive of improvement in the ejection fraction; of these, myocardial viability was the best predictor (χ 2 = 14.5, p = 0.0001). In patients with viability, the ejection fraction increased by 4.4 (4.3)%, while it remained unchanged in patients without viability (0.04 (3.6)%, p < 0.001) (fig 1) . Figure 2 shows the relation between the number of segments with viability and the change in the ejection fraction at three months. On the basis of ROC analysis, the optimum operating point on the curve that best predicted an increase of > 5% in the ejection fraction was > 2 segments of viable myocardium (fig 3) . This operating point was associated with a sensitivity of 81% and a specificity of 65%.
The change in the ejection fraction during low dose dobutamine echocardiography was predictive of improvement (χ 2 = 8.6, p = 0.0034). In patients with improvement, the change in the ejection fraction on low dose dobutamine echocardiography was 8.0 (4.2)%, compared with 5.1 (3.8)% in the no improvement group (p = 0.003). Figure 4 shows the relation between the change in the ejection fraction on low dose dobutamine echocardiography and the change in the ejection fraction at the three months follow up (r = 0.48, p < 0.001).
When multivariate logistic regression analysis was undertaken, myocardial viability, non-Q wave myocardial infarction, and anterior infarct location all emerged as independent predictors of improvement in the ejection fraction. Using the regression equation, the probability of improvement in the ejection fraction for patients with a non-Q wave anterior myocardial infarct with viability was 73%. Patients with a Q wave inferior myocardial infarct without viability had only a 2% probability of improvement. The estimated probabilities of improvement in the ejection fraction for any combination of the three independent variables are shown in table 2.
DISCUSSION
Determinants of improvement in ejection fraction: previous studies Several studies have assessed the sequential changes in global left ventricular function during the acute, subacute, and chronic phases after myocardial infarction. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Large thrombolytic trials, using contrast ventriculography or radionuclide angiography to assess ejection fraction, have shown no overall change in global ejection fraction during the first weeks after thrombolytic treatment. 4 5 9 Improvement in regional infarct zone function is often counteracted by a decrease in non-infarct zone hyperkinesia. 4 8 However, despite the absence of large group changes, there is considerable individual improvement.
One of the most important determinants of improvement in the ejection fraction appears to be sustained successful reperfusion.
9-12 25 26 Harrison and colleagues carried out early and one week catheterisations in 542 patients treated with intravenous thrombolysis for acute myocardial infarction 9 : acute TIMI (thrombolysis in myocardial infarction trial) grade 3 flow in the infarct related artery was independently associated with improvement in the left ventricular ejection fraction at one week. Meijer and colleagues showed an increase in the ejection fraction from 51 (10)% within 48 hours after thrombolysis to 55 (11)% after three months in 95 patients with sustained reperfusion, compared with no change in 34 patients with reocclusion of the infarct related artery. 27 In addition to sustained successful reperfusion, the extent of left ventricular dysfunction in the acute phase is independently associated with improvement in the ejection fraction. 9 11 12 14 Marzoll and colleagues studied 137 patients with acute myocardial infarction and found that those with the lowest baseline ejection fraction within 24 hours of acute infarction were the most likely to improve before hospital discharge. 11 This may have been related in part to the statistical phenomenon of regression to the mean. Other factors related to improvement in global ejection fraction are anterior infarct location 7 12 27 and non-Q wave infarction, 14 in agreement with our study. None of the abovementioned factors, however, would enable a clinician at the bedside to identify those patients with a high likelihood of improvement in global left ventricular function.
Prognostic significance of serial changes in ejection fraction
The left ventricular ejection fraction is one of the most powerful predictors of mortality after acute myocardial infarction. [1] [2] [3] The relation between the ejection fraction and mortality has been described as a hyperbolic curve, with an upturn in mortality occurring at values of less than 40%. 2 7 Previous clinical studies have shown that serial measurements of ejection fraction provide additional prognostic information.
15 16 Brodie and colleagues followed up 576 hospital survivors of acute myocardial infarction treated with primary angioplasty for 5.3 years. 16 Serial measurements of ejection fraction (acute and at six months) were available in 65% of the patients. Multivariate analysis showed that the final achieved ejection fraction and improvement in ejection fraction were more important predictors of mortality than the acute ejection fraction. In patients with heart failure it has also been demonstrated that changes in the ejection fraction have additional prognostic value. 28 In the V-HeFT (vasodilator heart failure) trials, a change in ejection fraction of > 5% was the strongest predictor of mortality, even after adjustment for treatment and for baseline ejection fraction. 28 Thus it is important to have a readily available diagnostic protocol that enables a clinician at the bedside to identify patients with a high likelihood of improvement in ejection fraction.
Low dose dobutamine echocardiography
Low dose dobutamine echocardiography is one of the currently available techniques for determining the presence of viable myocardium. In several studies the sensitivity and specificity for predicting regional functional improvement after acute myocardial infarction have ranged from 66-86% and from 68-94%, respectively. [17] [18] [19] [20] [21] [22] All those studies have concentrated exclusively on predicting reversible dysfunction on a regional basis. Prediction of the reversibility of global left ventricular function has only been investigated in patients with left ventricular dysfunction caused by chronic coronary artery disease. [29] [30] [31] [32] Cornel and colleagues found that dobutamine echocardiography has a sensitivity of 89% and a specificity of 81% in predicting a > 5% improvement in left ventricular ejection fraction after revascularisation. 29 In that study, patients with > 4 viable segments (in a 16 segment model and a five point scoring system) are likely to have improved global left ventricular function later. In our study, viability in > 2 segments on low dose dobutamine echocardiography (using a 13 segment model and a four point scoring system) predicted an improvement in the ejection fraction of > 5% with a sensitivity of 81% and a specificity of 65%.
By combining presence or absence of myocardial viability with two simple independent clinical variables (infarct location and Q wave infarction) the probability of improvement could be estimated at the bedside. As mentioned above, patients with a non-Q wave anterior infarct with myocardial viability have a probability of improvement of 73%, whereas patients with a Q wave inferior infarct without myocardial viability have a negligible probability of improvement of 2%.
Study limitations
One of the limitations of our study was the uncontrolled performance of revascularisation procedures before the second echocardiography. However, there was no difference in the number of revascularisation procedures in patients with and without improvement in ejection fraction (24% v 21%), and when the analysis was restricted to the 84 patients without revascularisation, there was no change in the resultsmyocardial viability, non-Q wave infarction, and anterior infarction remained the independent predictors of improvement in ejection fraction. Furthermore, although medical treatment could not be standardised, there were no differences between patients with and without improvement.
Another limitation of the study was that coronary angiography was not performed routinely. Only 58 of the 107 patients (54%) underwent this procedure at the discretion of the cardiologist. In line with previous studies, there was a trend towards more occluded infarct related arteries in patients without improvement (27% v 9%, NS).
9-12 25 26 There was also a trend towards more reperfusion therapy in patients with improvement (90% v 74%) (table 1), but again the small number of patients limits the detection of differences because of insufficient statistical power.
Finally, the number of patients with cardiac death was too small to assess the additional prognostic value of final achieved ejection fraction or improvement in ejection fraction in our study.
Conclusions
The presence of myocardial viability after acute myocardial infarction is the single best predictor of improvement in ejection fraction. Combining this with infarct location and Q wave infarction, the probability of an increase of > 5% in ejection fraction can be estimated at the bedside.
